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ABSTRACT

An experimental investigation was performed to obtain detailed
aerodynamic heating distributions on a model of a space-shuttle delta-wing
orbiter with twin wing-tip gertica% tails. Test data were obtained for an
angle-of-attack range of -5  to 537, selected sideslip and control-surface
deflection angles, a free-stream Mach number of 7.4, and free-stream
Reynolds numbers, based on model body length, from 1 x 10 to 7 x 10°.
Results showing the effects of Reynolds number, vehicle attitude, and
control-surface deflections on the vehicle heating are presented and
analyzed.
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SUMMARY

An experimental investigation was performed to obtain detailed aero-
dynamic heating distributions on a space shuttle delta-wing orbiter model.
The test model, instrumented with thermocouples, was a 0.006-scale repre-
sentation of the North American Rockwell Corporation 134B delta-wing orbiter
with twin wing~tip vertical tails. The test program was conducted in the
Ames g.S—foot hypersonic wind tunnel for an angle-of-attack range of -5
to 537, selected sideslip and control-surface deflection angles, a free-
stream Mach number of 7.4, and free-stream Reynolds numbers, based on model
body length, from 1 x 10° to 7 x 106.

Complete tabulated results for the test program are included and
representative plotted results are presented and discussed to show the
effects of Reynolds number, vehicle attitude (angle of attack and sideslip
angle), and control-surface deflections (elevon and rudder) on the vehicle
heating distributions. For angles of attack from 15 to 53, the laminar
heating for the bottom centerline of the body forward of the wing, except
for the nose stagnation region, were predicted well by modified swept-cylinder
theory. Usually, the effect of increasing angle of attack was to increase the
heating on the windward surfaces and decrease the heating on the leeward
surfaces where flow separation occurred. On the windward surfaces of the body
and wing, increasing Reynolds number caused increases in heating, thus indi-
cating the possibility of boundary-layer transition and/or the effects of
the complex flow in the wing-body shock layer. Increases in heating with
increasing Reynolds number were also observed in regions where reattaching
flow occurred, such as on the canopy. Increasing sideslip angle (windward)
and deflecting control surfaces into the windward flow caused marked increases
in heating on the body side and the control surfaces, respectively.

INTRODUCTION

Fully reusable two-stage space shuttle systems, to be used for trans-
porting payloads from earth to low-earth orbit and return, are currently
being investigated (see reference 1). The first stage of such a shuttle
system is a booster that will provide initial acceleration for the system,
and the second stage is an orbiter, containing the payload, that will continue
into orbit. Both of these stages must be capable of returning to the lsunch
site -~ or other predetermined location - and making conventional airplane-type
landings.
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Successful development of such a shuttle system requires the under-
standing of problems in many technological areas. For example, configura-
tion definition and reusability for both the booster and the orbiter are
dependent on a complete knowledge of the aerodynamic heating of these
vehicles for their broad range of flight conditions. In particular, this
requires a large body of heating data to provide a data base for the develop-
ment and/or evaluation of various techniques for predicting the aerodynamic
heating to shuttle vehicles.

The present experimental investigation was thus performed to obtain
detailed aerodynamic-heating distributions on a delta-wing orbiter model
for a range of test conditions. The test model, instrumented with thermo-
couples, was provided by North American Rockwell Corporation (NAR) and was
a 0.006-scale representation of the NAR 134B delta-wing orbiter with twin
wing-tip vertical tails. The test program was conducted in the Ames 3.5~

. . 6 &
foot hypersonic wind tunnel for an angle-of-attack range of -5~ to 53 at
a free-stream Mach number of 7.4 and free-stream Reynolds numbers, based on
model body length, from 1 x 10° to 7 x 10°. Results showing the effects
of Reynolds number, vehicle attitude (angle of attack and sideslip angle),
and control-surface deflections (elevon and rudder) on the vehicle heating
distributions are presented and some comparisons with theory are shown.
Some of these test results and analyses have already been presented in
references 2 and 3. The photographs in reference 4 showing the surface
oil-flow patterns on the NAR 129 delta-wing orbiter, which is similar to the
NAR 134B configuration, were helpful in interpreting the test results.

The authors gratefully acknowledge the help of Harold Gorowitz and
Patrick Carroll from North American Rockwell Corporation in the performance
of the tunnel test program.

NOMENCLATURE
c specific heat of model skin material
H total énthalpy
L model reference length (body axial length)
M free-stream Mach number
P pressure
q heat-transfer rate
q heat-transfer rate at model wall
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stagnation-point heat-transfer rate for reference sphere

local chine radius of body

local half-width of body

reference sphere radius, 0.183 cm (0.006 ft) for test,
equivalent to 0.305 m (1 ft) for full-scale vehicle

free-stream Reynolds number based on model reference
length, L '

surface distance in cross-flow direction
temperature

time

cross~flow velocity at edge of boundary layer
body axial distance from nose

angle of attack

sideslip angle

elevon deflection angle (positive with trailing edge down)

rudder deflection angle (positive with trailing edge
to left)

surface emissivity

body circumferential angle (positive measured clockwise
from bottom centerline as viewed from rear of model)

density of model skin material

thickness of model skin



Subscripts:

aw adiabatic wall

cyl cylinder stagnation line

L local value

L based on body axial length
s reference sphere

sl symmetry or stagnation line
t free-stream total condition
w wall

® free-stream static condition
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EXPERIMENTAL METHOD

Facility

The test program was conducted in air in the Ames 3.5-foot hypersonic wind
tunnel. This facility, described in reference 5, is a blowdown-type tunnel
that utilizes a pebble~bed heater to heat the air and axisymmetric contoured
nozzles to provide flow Mach numbers of 5.2, 7.4, and 10.4. The nozzle walls
are insulated from the hot airstream by injecting helium into the nozzle
boundary layer through annular slots upstream of the throat. The tunnel is
equipped with a model quick-insert mechanism for quickly moving models
into and out of the airstream.

A high-speed analog~to-digital data acquisition system is used to
record test data on magnetic tape. The present system is equipped to
measure and record the outputs from 80 thermocouples and/or other types of
transducers in addition to 20 channels of tunnel parameters.

Model

The test model, provided by North American Rockwell Corporation (NAR or
NR), was a 0.006-scale representation of the NAR 134B delta-wing orbiter. A
photograph of the model, and a three-view drawing of the model showing the
principal dimensions and flow orientation are given in figures 1 and 2,
respectively. Tabulated dimensional data, provided by NAR, for both the full-
scale and model-scale delta-wing orbiters are given in Appendix A.

The basic model geometry consisted of a fuselage body (BS)’ a blended
delta wing (WlS) with deflectable elevons (ES)’ and twin wing-tip vertical

tails (VIS) with deflectable rudders (RS)' Replaceable brackets were used to
vary the elevog deflegtion angleg (~7.50, 00, 10° and 140) and rudder deflec-
tion angles (0, + 137, and + 20 ). Both the left (+) and right (~) rudder
deflections were only outboard.

The model was constructed of 17-4 PH stainless steel and had the instrumented
areas machined to a nominal skin thickness of 1 millimeter (0.040 in.)}. The
actual skin thickness was measured at each instrumented location. Model instru-
mentation consisted of 92 iron-constantan thermocouples (30~gage wire) spot welded
to the inner surface of the model at the locations listed in Table I and shown
in Figure 3. The 80 thermocouples (T/C) listed in Table II were comnnected to
the data acquisition system for this test program.

Test Conditions

The test program which is presented in Table III was conducted at a
free-stream Mach number of 7.4 for a,range of free-stream Reynolds numbers, based6
on model body length, between 1 x 10 and 7 x 106. The Reynolds number of I x 10
corresponds to the value for the full-scale vehicle near peak heating. The
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maximum Reynolds number was limited to 4 x 106 at an angle of attack of
53" because of strength 11m1taglons of the model. Data were obtained for
an angle of—attack range of -5° to 53° , with empha31s on the entry values
of 15 30°, and 53° Tests Jvere made at o = 15°, 30°, and 53° with
31desllp angles of 0 and -5° (instrumented 1lift 31de of model windward)
and with selected control-surface deflections ( Ge and ér) as shown in

o i
Table IIT. The runs at o = -5 and 0 provide orbiter-alone data as baseline
information for the orbiter mated to a booster as a launch configuration.

The specific test conditions, including the tunnel free-stream total
temperature and pressure, are given for each run in Appendix B. The rum
data are given in the order of the run schedule given in Table III.

Test Procedures and Data Reduction

The model was mounted with a base sting at a preset attitude on the
quick-insert mechanism. This mechanism injected the model into the air-
stream when steady-state test conditions were established and retracted the
model at the completion of data acquisition. The model injection and retrac-
tion times were each set at about 1/2 second and the time on the tunnel center-
line was set at about 1 second.

The model wall temperature data for each thermocouple location and
the tunnel conditions were recorded on magnetic tape at 0.07-second intervals
during the test duration of about 2 seconds. The resulting wall temperatures
were differentiated with respect to time on a digital computer and the wall
heat-transfer rate, éw’ was then determined by the thin-skin technique with

the following heat-balance equation:

)

froost

éw = per dTw (
dt

The data reduction program yields, for each thermocouple location, tab-
ulated and plotted outputs of both wall temperature and heat-transfer rate
versus time. Heat conduction errors in the model skin at any given location
were minimized by using the data obtained at the earliest possible time
after the model cleared the tunnel boundary layer into the free stream.
This minimum time was influenced primarily by the combined effects of the
model material response time (about 0.1 second) and the model tramsit

time (dependent on model attitude) through the tunnel boundary layer.

As would be expected, heat-conduction effects were generally limited to
regions with small radii of curvature where large temperature gradients
were present, such as the fuselage nose, wing leading edges, and tail
leading edges.

To provide a convenient reference, the measured heating rates were
normalized by the theoretical stagnation-point heating rate for a sphere
(reference 6), qs, with a radius equivalent to 0.305-meter (1 foot) on

the full-scale vehicle. The value of és for each run (Appendix B) was

evaluated for the measured wind-tunnel test conditions. The wall temp-
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erature used for the calculation of és was that for a fuselage nose thermo-

couple when the model reached the tunnel centerline. Therefore, the sphere
wall temperature was generally higher than the model temperatures determined
at the earlier times when the model heating rates were evaluated. However,
the higher sphere temperature gave a smaller value of és and thus & larger,

or more conservative, value for the heating-rate ratio, dw/is. This effect

was usually less than 10 percent and within the experimental accuracy. The
estimated maximum error in the heating-rate ratio, qw/as, is + 10 percent

for éw/ds > 0.01 and + 0.002 for QW/QS < 0.01.

The calculations of both the reference sphere heating and the Reynolds
number included the use of Keyes' equation for viscosity (see reference 7},
and the corrections of reference 8 for calorically imperfect, thermally
perfect gas.

MODIFIED SWEPT-CYLINDER THEORY

Laminar heat-transfer data obtained on the centerline of the body
windward surface at angle of attack are later compared with predictions
using infinite swept—cylinder theory (references 9 and 10) modified to
account for the difference in cross-flow velocity gradient between the
actual body and a cylinder.

A ratio of the heat-transfer rate for the symmetry or stagnation
line of the windward surface at any local angle of attack o, to that for the
reference sphere can be expressed by the following identity:

sl,ul.# qcyl, oy T 900 qcyl, o
4 9 qcyl, a2=90O qcyl,oc2

q %1, o

o)
Pt

[) [ (2

Substituting expressions from reference 9 for the first and third bracketed
terms and from reference 10 for the second term, results in

2

jd
o,

. 1/2

qsl, o, = (Rs/Rb) . 1.1 Haw Hw . (du/ds)sl
) (sin uz)

ag 1.4 : Ht -HW (du/ds)Cyl o,

(3)

The adiabatic wall enthalpy for the stagnation line of a swept cylinder,
Haw’ ig given by the following equation for high free-stream velocities

(reference 9):

aw = 1 - 0.15 coszoa2 {4y
H
t
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where the value of the recovery factor was taken as 0.85. The last
bracketed term in equation (3), the ratio of the cross-flow velocity gradient
for the actual body to that for a cylinder of the same dimension, can be
calculated analytically by the method of integral relations discussed in
reference 11. However, for this study, the following simple geometric
correlation from reference 12 was used for the velocity~gradient term:

(du/ds)Sl

0.745 + 1.57 (r/Rb) (5)
(du/ds)Cyl

2.315

where r and Rb are the chine radius and half-width, respectively, of the
body.

RESULTS AND DISCUSSION

Complete results for the test program presented in Table III are tabulated
in Appendix B. For each run, these results include both the wall temperature,
T and the heating-rate ratio, q /4 , for each specified thermocouple loca-
tion on the model, and the particulat¥ test conditions for the run.

Representative heating-rate distributions for the body, wing, and twin
vertical tailg will Be presented and discussed for the entry angle-of attack
range from 15 to 53 . Corresponding estimates of the radiation equilibrium
surface temperatures for the full-scale vehicle at peak heating rate along a
typical trajectory with the vehicle at a330 will algo be given for reference.
For this typical trajectory, q =681 KW/m”~ (60 Btu/ftz—sec) and =0.8. As
previously mentioned, the testSReynolds number of 1 x 100 corresponds to
the value for the full-scale vehicle near peak heating.

Body

Body heating data for the bottom centerline, the top centerline, the
side (@#~z 100°), and various cross sections are presented in figures & to
6, 7, 8, and 9, respectively.

Bottom centerline - Heating rates for the bottom centerline of the body
at a = 15°, 30, and 53° are plotted in figure 4 for Reynolds numbers between
1 x 10% and 7 x 100, As prev%ously mentioned, the maximum Reynolds number for
o = 53% was limited to 4 x 10°. The data for the low Reynolds numbers appear
to be laminar for all three angles of attack. However, the data for the
higher Reynolds numbers show an increase in heating with an increase in
Reynolds number, indicating that transition to turbulent boundary-layer flow
occurs. These effects at the higher Reynolds number could be influenced by
the interaction of the wing-body shock layer with the body boundary layer
(see, e.g., reference 13) and by the boattailing of the body surface starting
at about x/L = 0.8. 1In addition, surface roughness effects on boundary-layer
transition must be considered (see reference 3). Further discussion of tran-
sition results is given later in this section.
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At each angle of attack shown in figure 4, the laminar heating rates
decrease with distance from the stagnation region, remain relatively constant
over the flat portion of the body, and then decrease at x/L greater than 0.8
where the body boattailing occurs. Predictions of the laminar heating rates
ahead of the wing by modified swept-cylinder theory (i.e., equations (3),
(4), and (5)) are shown for each angle of attack. The predicted values agree
well with the data except for the noze stagnation region ahead of x/L=0.1.

As would be expected, this two-dimensional theory underpredicts the
heating in the three-dimensional stagnation region of the body nose. The
theory also underpredicts the laminar heating in the wing region of the
body where the complex three-dimensional flow field is not adequately
modeled by the theory.

Figure 5 is a summary plot of figure 4 to show more clearly the
increase in laminar heating on the bottom centerline of the body with
increaging angle of attack. The data from figure 4 for ngnolds numbers between
1 x 10° and 4 x 10° are plotted in figure 5 for a=159, 30", and 53°.
The data are laminar except for the last body station at a=53" where, as
previously shown in figure 4, Reynolds-number effects typical of boundary-
layer transition occurred.

To further illustrate the effect of angle of attack on the body boundary-~
layer transition and heating, heating rates for the bottom centerline of
the body are plotted in figure 6 for 0=15°, 200, 250, and 30° at a nominal
Reynolds number of 7 x 106. For each angle of attack, the increase in heating
which starts between x/L=0.5 and 0.6 is characteristic of the beginning
of boundary-layer transition. The combination of angle of attack and body
boattail, starting at about x/L=0.8, have a pronounced effect on the bound=-
ary-layer transition. The heating data for all x/L locations indicate an
orderly trend of increased heating with increased angle of attack, except
for x/L greater than 0.6 at 0=25°. The anomaly at 0=25° is not fully
understood. '

Reference 3 includes further discussion of the transition results
from this study and their comparison with various transition criteria
proposed for space shuttle design.

Top Centerline - Previous tests (see ref. 4) indicate that complex
three dimensional flow fields, containing separation regions and vorticies,
occur over the leeward surfaces of the vehicle at angle of attack. These
flow fields which are particularly sensitive to angle of attack and
Reynolds number, can induce significant effects on leeward heating, as the
following data will indicate.

The effects of angle of attack and Reynolds number on leeward heating
for the top centerline of the body are shown in figure 7. Of particular
interest are the relatively high heating (qw/qs #.04) near the nose for
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a = 150 the relatlvely large increases in heating at the canopy for

a = 15 and 30°, the minimal increase in canopy heating for a= 537, and
the overall effect of Reynolds number variation on the top-centerline
heating. At o= 15° , the highest heating in the nose region occurs at the
lowest Reynolds number probably because an increase in Reynolds number
enables the flow to expand further around the nose before it separates.

The increases in canopy heating at o = 15° and 30° are caused by the sep~
aration vorticies impinging on the canopy, while the minimal increase

in canopy heating at a = 53~ is probably caused by flow separation. The
increases in the magnitude of the heating with increasing Reynolds number
occur in regions of vortex impingement. This occurs at the canopy and
behind it for o = 15°, in the nose region and at the canopy for o = 30
and in the nose reglon for o = 53°. Thus the vortex 1nfluence on heatzng
decreases with increasing angle of attack For o = 30° and 53°, the
heating is low behind the canopy, where the flow is separated, and no
substantial changes occur with increasing Reynolds number. However,

there are some indications, particularly at a=530, of decreases in heating
with increasing Reynolds number.

o

Side (¢ v 1000)_— The effect of sideslip angle, B , on the body side

heating for a = 150, 300, and 53° is shown in figure 8 for nominal Reymolds
numbers of 1 x 10° and 4 x 10°. Heating-rate data for the thermocouples
located along the left side (w1ndward for B ——50) at a body circumferential
angle, @, of approximately 100° (see table I and fig. 3) are plotted
verses x/L. There is a significant increase in the side heating for

the sideslip increase from 0 to 5, except for the region above the wing
at o = 53° which, as shown in reference 4, is in separated flow. For the
given test conditions, the effects of changes in angle of attack on the
side heating forward of the w1ng, where the flow is attached, are insig-
nificant for both B = and-5° However, the side heating above the

wing decreases with increa81ng angle of attack for both B = 0° and -5°
because the side at this station is shielded more from the flow by the
wing at higher angles of attack. Also, there are no significant effects
of Reynolds number on the 51de heatlng, except for above the wing at

o 15° and 30°. At o = 15 and 30°, the flow separates on top of the
wing and 1mp1nges along the body 51de (see ref. 4). With increasing side-
slip, the extent of the flow impingement along the side increases and the
side heating increases with increasing Reynolds number.

Cross sections,=- Heatlng distributions for body cross sections at

x/L 6.2, 0, 4, and 0.6 are plotted in figure 9 for g = 0% and o = 15°

30, and 53° at a nominal Reynolds number of 1 x 10 The data are ploete@
versus § around the body from the bottom centerllne (0 = 0° ) to the top
centerline (f = 180° Y. Two of the cross sections (at x/L = 0.2 and 0.4}
are forward of the wing, while the third one (at x/L = 0.6) is just aft

of the wing-body juncture. The differences between the high heating rates
for the windward surface and the relatively low heating rates for the side
and leeward surfaces are evident from this figure. Also apparent at
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x/L = 0.6 is the chine heating which is significantly higher than the
corresponding bottom-centerline heating. As was also shown in figure &,
the side heating (§ % 100°) forward of the wing (x/L = 0.2 and 0.4) is
relatively unaffected by angle-of-attack changes, while above the wing
(x/L = 0.6) it decreases with increasing angle of attack. In addition,
at a = 150, the bottom~centerline and side heating rates have comparable
magnitudes.

Wing

Wing heating data for the bottom and top surfaces are presented
in figures 10 to 14 and 15 to 17, respectively.

Bottom surface,~ Chordwise heating distributions on the wing bottom
surface for o = 15, 300, and 53° are given in figures 10, 11, and 12;
respectively, for three semispan locations. The heating is highest
over the leading-edge region of the wing, except for the areas with
apparent Reynolds number effects at o = 15° and 53°. At these two
angles- of attack, there are areas where the heating increases with
increasing Reynolds number, thus indicating the possibility of boundary-
layer transition and/or the effects of the complex flow over the wing
with wing-body shock interactions. Reynolds-number effects on the
heating were also apparent on the body centerline at these two angles
of attack. At a = 300; the effect of Reynolds-number variation on the
heating-rate ratios is negligible, indicating that the flow was prob-
ably laminar. However, it was previously shown that at the highest
Reynolds number, 7.24 x 10°, boundary~layer transition occurred on the
body centerline for this angle of attack. Therefore, at this angle of
attack, boundary-layer transition apparently did not occur uniformly
across the bottom surface. For all three angles of attack, the laminar
heating rates for 40-percent chord and aft have about the same magnitude
as those along the body centerline in the wing region from x/L = 0.5 to
1.0. .

Spanwise heating distributigns on the wing bottom surface for a
nominal Reynolds number of 1 x 10  are given in figure 13 for o = 157,
300, and 53°. The high levels and significant spanwise variations of

" the wing heating in the leading-edge region are quite apparent. These
give some indications of the complex flow over the wing. Additional
measurements would be required to show the detailed spanwise variations
in the heating for various chord locations. As was also shown in
figures 10 to 12, the heating levels for 40 and 80 percent chord have
about the same magnitude as those along the body centerline in the wing
region.

The effects of elevon deflections on the wing bottom~surface
heating are shown in figure 14 for o = 15° and 30°. Deflecting the
elevons into the flow causes marked increases in the heating on the
elevons. The laminar and turbulent estimates of the elevon heating
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rate for fully-attached flows assuming wedge properties at the boundary-
layer edge are also presented in figure 14. The wedge angle was taken
as the inclination angle of the local surface relative to the free-
stream direction, and for the turbulent estimates, the flow was assumed
to be turbulent from the wing leading edge. At o = 15° and for no
elevon deflection, the heating data at the highest Reynolds number,

6 x 107, suggest that the flow becomes turbulent ahead of the elevon.
Additional evidence of this is the absence of a separation region

ahead of the deflected elevon for the oil- flow patterns of reference 4
at this high Reynolds number. For both a =15° and 30°, the data for

the deflected elevons at the lower Reynolds numbers 11e above the
attached laminar estimates and can, with increasing Reynolds number,
approach or exceed the estimated turbulent levels, even though the

data for the undeflected elevons are not turbulent. These effects are
probably caused by flow separation ahead of the deflected elevon with
reattachment near the measurement station and/or by streamwise vorticies
on the wing surface (see ref. 4).

Top surfaces.— Chordw1se heatlng distirbutions on the wing top
surface for a = 15° s 30° , and 53° are given in figures 15, 16, and 17;
respectively, for four semlsgan locatlons For the three inboard
semispan locations at o = 15 and 30°, the heating is highest over the
leading-edge region of the wing where, as shown in reference 4, the
flow is attached. The heating rates decrease further back on the wing
where the flow is separated. The large fluctuations in heating at the
outbodrd semispan location are probably caused by flow interference
from the wing-tip vertical tail. The separation line on top of the
wing moves toward the leading edge with increasing angle of attack
until the flow separates at the leading edge (see ref. 4). At o = 537,
the relatively low heating levels for the top of the wing suggest that
the flow separated at the leading edge. The high heating for the two
inboard semispan locations at high Reynolds number might be caused by
viscous interactions along the wing-body juncture (see ref. 13). At
this high angle of attack, interference effects from the vertical
tails on the wing heating are minimal compared to those at the lower
angles of attack. The complex flow fields over the wing are not fully
understood and require more study.

Twin vertical tails,- The heating data obtained for the twin
vertical tails was limited because only five thermocouples were avail~
able. One result that is presented here is the effect of rudder deflec~
tion on the rudder heating. Heating data for the outboard surface of
the rudder at 70 percent exposed height of the vertical tail are plotted
in figure 18 for a = 15 and 30°. The given location on the rudder is
above the rudder hinge line omn the vertical tail (see table I and fig. 3
(c)). Deflecting the rudder outboard into the flow increases the heating
on the rudder surface. However, for the given rudder location and test
conditions, there is no significant effect of Reynolds number variation
on the rudder heating with or without rudder deflectioms.
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CONCLUDING REMARKS

Aerodynamic heating distributions on a space shuttle delta-wing
orbiter model were obtained for various angles of attack and Regnolds
numbers at a free-stream Mach number of 7.4. For a = 15° to 53 , the
laminar heating for the bottom centerline of the body forward of the wing,
except for the nose stagnation region, were predicted well by modified
swept-cylinder theory. Usually, the effect of increasing angle of
attack was to increase the heating on the windward surfaces and decrease
the heating on the leeward surfaces where flow separation occurred. ©On
the windward surfaces of the body and wing, increasing Reynolds number
caused increases in heating on the aft portions of these surfaces, an
effect which is believed to indicate boundary-layer transition from
laminar to turbulent flow. At some locations on the windward surface
of the wings, however, complications of wing-body interference effects
apparently also caused the heating to increase with increasing Reyneclds
number. Similar trends were observed in regions where reattaching flow
occurred, such as on the canopy. Increasing sideslip angle (windward)
and deflecting control surfaces (elevon and rudder) caused marked in-
creases in heating on the body side and the control surfaces, respectively.
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APPENDIX A

NAR 1348 DELTA-WING ORBITER

DIMENSIONAL DATA
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TABLE A-I.- BCDY FOR DELTA-WING GRBITER

MODEL COMPOKERT:  BODY = B3

.

GEHERAL DESCRIPTION:

Busic delta wing fusclage as per NR lines draving

0692-1343.

Model. Scale = 0.006

9992-134B, S-90k-k, =T

DRAWING NUMBER:

DIMEESIONS: (in.) | FULL-SCALE
Length o 2120.00
Max. w{dth ' " kes.oo
Max. Depth - ‘ 274.00
Fineness Ratio : 5.905
Area: Tt°
Max. Cross-Sectional 702.75
Planform : DNA
Wetted DNA

Base DIA

MODEL SCALE

12.780

e

2.79%0

[ —————

1.6k

5.906

[ ———————————

0.0253
A

ERme—

DA

THA -
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TABLE A-II.- WING FOR DELTA-WING CRBITER

MODEL COMPONENT : Ying 15

GENERAL DESCRIPTION: GZFrsic delta wing defined by I lines drswing 9992-13L7,

i

Model Scale = 0.006

DRAWING NUMBER: 9992-134B; 3-904-3,-9,-10,-11,-12
DIMENSIONS : FULL-SCALE MODEL SCALE

TOTAL DATA

Area, 0t

Planform ' 5740, 0,206
Hetted T
Span (equivalent), in. 1500, O L
Aspect Ratio : 1.k o
Rate of Taper 1.719 —1in9
Taper Ratio 0.235 0.233
Diehedral Angle, degrees 7.0 7.0
Incidence Angle, degrees 0.0 C.C )
Aerodynamic Twist, degrees (About T.E.) -5.C .0 ‘
~ Incidence, Root (B.T. 240.C0) 0.0 0.0
Incidence, Tip (B.P. 5L2.00) . -5,0 s
Sweep Back Angles, degrees ,
Leading Edge © 60,0 A 60,0 o
Trailing Edge 0.0 0,0
0.25 Element Line 52.20 52,20
Chords: in.
Root (Wing Sta. 0.0) 1231.77 _7.3%1
Tip, (equivalent)(w.s. 546.07) 293.00 1.758
MAC (W.S. 217.00) 853.72 4 _5.152
Fus. Sta. of .25 MAC 1475.97 _8.856.
W.P. of .25 MAC 45,30 _0.275 .
B.L. of .25 MAC 215.38 1.290
Airfoil Section - T
Root (W.3. 241.20) T Tash C009-6h
Tip (W.S. 546.06) NACL 0O12-6L
EXPOSED DATA -
Area, £t2 2377.12 _0.08553
Span, (equivalent), in. 12.0C 3,673
Aspect Ratio 1.890 LV
Taper Ratio v 0.395 _O.385
Chords: in. ‘
Root é‘:.-’ing Sta. 2;7.27) £23.27 P Ol
Tip (W~S» 526-07) 2300 1.758
MAC (W.S. 357.21 ACD L L0 ﬁ@é},i e
Fus. Sta. of .25 MAC 1669.6 10.01¢
W.P. of .25 MAC _64.20 - Mﬁﬁjgﬁiwu,w
" B.L. of .25 MAC 36k, L7 2,187
lLeading Edge Ouff
Planforn Area, ft2 gl 0.002572
L.E. Intersech Fus. ML at Sta., in. 1061.67 6.370

L.E. Intersects Wing ML at Sta., in.

LOT.8Y R



MODEL COMPONENT:

GENERAL DESCRIPTION:
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TABLE A-III.- ELEVON FOR DELTA-WING CRBITER

Elevon = E5

Elevon used on W15 of delta wing orbiter as per

NR 9992-13L4B lines drawing.

MODEL SCALE = 0.006

DRAWING NUMBER:

DIMENSIONS :

Area, £t
Span (equivalent), in.
Inb'd equivalent chord, in,

(w.s. 218.72)
OQutb'd equivalent chord, in.

(Ww.s. 527.07)
Ratio movable surface chord/
total surface chord
At Inb'd equiv. chord
At Outb'd equiv. chord
Sweep Back Angles, degrees
Leading Edge
Tailing Edge |

Hingeline

Area Moment (Normal to hinge line), £t3

9992-134B; $-90k-11, -12

FULL-SCALE
L32.22
308.35
251.5T

152.13

0.294

0.467

17.87h4
0.0

17.87h

760k .889

MODEL SCALE

0.01556

1.850

1.509

0.913

B ———

0.20h4
@ﬁ%?

17.87k
0.0

17.87h

0.00162
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- TABLE A-IV.- VERTICAL TAIL FOR DELTA-WING ORBITER

MODEL COMPONENT: Jertical Tail - V15

GENERAL DESCRIPTION: Twin vertical tz2il »anels of delta wing crbiter. The

ranels sre atteched to wing W15, Basic ccometry is defined by NR lines

drawine 9992-1343.

MODEL SCALE = 0.006

DRAWING NUMBER: 9992-134B; 3-GCL-21, -25

DIMENSIONS: : FULL-SCALE

Data for 1 of 2 sides
in vertical tail reference rlene)

Area , f:<
Planform : 423,01 0.01323
Wetted - =
Span (equivalent), in. 203.23 1.215
Aspect Ratio : 1,509 1,509
Rate of Taper 553 "7 0.R43
Taper Ratio 6,200 0.200
Diehedral Angle, degrees = -
Incidence Angle, degrees n _
Aerodynamic Twist, degrees s s
Toe-In Angle, degraes =1.817 -1.8317
Cant Angle , (Top Outb'd), degrees 26.0C0 20.000
Sweep Back Angles, degrees B 1
Leading Edge 358,909 33.309
Trailing Edge -1.700 <k, 700
0.25 Element Line ' 30,252 30.252
Chords: in.
Root (W.P. 77.23) 334.70 2.008
Tip, (equivalent)(W.P. 362.30) 67.09 0.503
MAC (W.P. 188.12) 230.60 1.3
Fus. Sta. of .25 MAC 1999.21 _11.995
W.P. of .25 MAC 183,12 _1.129
B.L. of .25 MAC 582.86 3.497
Airfoil Section -
Root - NACA 0012-6L4
Tip . NACA 0012-6k4

EXPOSED DATA

Area
Span, (equivalent)
Aspect Ratio
Taper Ratio
Chords
Root
Tip
MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
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TABLE A-V.- RUDDER FOR DELTA-WING ORBITE R

Rudder nsg

MODEL COMPONENT: 5

GENERAL DESCRIPTION:

Rudder used on 715 of deltz wing orbiter as rer

< - 1 - -
NR 9292-1343 1ines draving,

Model Scale = 0.006

DRAWING NUMBER:

9902-13u:F: 3

oo , =00

DIMENSIONS: (patz for 1 of 2 sides)

Area, ft
Span (equivalent), in.
Inb'd equivalent chord, in,

(W.P. 87.37)
Outb'd equivalent chord

(W.P. 352.30C)
Ratio movable surface chord/
total surface chord
At Inb'd equiv. chord,
At Outb'd equiv. chord,
Sweep Back Angles, degrees
Leading Edge
Tailing Edge
Hingeline
Area Moment (Norﬁa] to hinge line)

Hingeline Passes Through
Fus. Sta., in.

B.P., in.
W.Pe, 1in.

and
Fus. Sta., 1in.
B.F., in.

W.P., in.

FULL-SCALE

C. k21

1.0C0

MODEL SCALE
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APPENDIX B

TABULATED HEAT TRANSFER DATA

NAR 134B Delta-Wing Orbiter
NASA~Ames 3.5-ft. HWT
Test 106 Runs 1-16, 18-26, 54-60, and 66
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ADDITIONAL NOMENCLATURE FOR APPENDIX B

CHANNEL recording-system channel

MACH free-stream Mach number

PT free-stream total pressure, psia

Qs stagnation-point heat-transfer rate for reference

sphere, Btu/ft2-sec

Qw heat-transfer rate at model wall for given T/C
location, Btu/ft“-sec

QwW/Qs heating-rate ratio

REL free-stream Reynolds number based on model reference
length

REYN/FT free-stream Reynolds number per foot

RSPH reference sphere radius, 0.183 cm (0.006 ft) for test,
equivalent to 0.305 m (1 ft) for full-scale vehicle

T/C . thermocouple number

TEMP model wall temperature at given T/C location, °R

TT free-stream total temperature, °r

TWSPH reference sphere wall temperature, oR
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a=0° p=0° 8,=0 8, =0 ) _TEST NUe 106  RUN NOs 54
MACH REYN/FT REL Qs TWSPH PT TT RSPH(FT)
7440 . 6.36E 05 . 6.70E. 05 41403 5580 . 157e . . 15134 00006
CHANNEL  T/C TEMP QW/ Qs CHANNEL  T/C TEMP QW/GCS
1 1 5784 0.772 41 50 5450 00008
2 2 568, 0.354 L 42 51 549, 0.038
3 3 561, 00191 43 52 548, 0.024
4 [ /S 58540 i D QBT a3 54854 REUI ¢ P 0 B O O
5 5 559, 0e127 45 54 545, 06006
6 6 552, 0.088 46 55 544, 0.002
Y 7 5486 0024 47 56 - - e e
8 8 549, 0o 040 48 57 5464 00015
9 9 - - 49 58 545, 0o 008
100 10 Db D008 B0 B9 Bbbe o 00064 .
11 11 5480 00026 51 60 567, 0.286
12 12 549, 00036 52 62 546, 00026
13 13 851e Ne082 A3 63 845, Qel13
14 14 557 0.301 54 64 549, 0.003
15 16 5526 06055 55 65 544, 5,003
16 1T . 550e. 0052 __  B& &6 . §5le.. . 06063
17 18 547, 0.005 57 67 548, 00041
18 19 548, 0.020 58 68 547, 0,023
19 26 550, 06046 59 69 544, 0..009
20 21 548 0,010 60 70 5620 00182
21 23 546, 0,004 61 72 5500 00,075
-2 SR ‘SRS . X /5 AP ¢ PN ¢ 15 B - ST 62 . 13 846, ... D030 .
23 26 5476 0,005 63 74 545, n,018
24 28 54 6o 00 005 64 75 545, 060
25 32 54 he (1.006 a5 16 551e Qo076
26 33 548, 0,055 66 77 55C., 0,070
27 34 5466 0,016 67 78 552, 0.088
28 35..... 54be. .. .. 0e007 . 68 19 550e  D0e0S54.
29 36 546, 0,013 69 80 5470 00040
30 37 545, C.006 70 81 546, 0.028
a1 38 5464 0,017 71 82 568 0.169
32 41 545, Co 006 72 84 553, 00083
33 42 545, 0.009 73 85 548, 00048
34 43 545. 0015 74 86 545, 0.023
35 44 5454 00 005 75 87 545, 0.008
36 5 5464, 0,016 76 a8 5600 Do 165
4 545 04 7 8 5480 0s055
18 47 544, 0.001 78 90 546, 0.035
39 48 5454 0s003 79 91 566 . 0.250
40 49 5444 0002 80 92  547s . 0a038

.



25

A A0 VA 411 Z6 08 1000 S Egng &y 0%

Loe® 186 16 61 00°0 ‘gHg g 1539
CEG®O A4 06 gL 100°0 “Lys L%y 8L
950%0 5 ] Ll I 5Y61 ¢ 0l ¢ 495 9% £
LET®O =Y A g8 EZA 120°0 16% 5% SE
S00* ¢ *g%g L8 Sl S00%°0 “8%% Yy 33
EASVAEE “0s% 98 %1 #10°0 eRy £y %t
A VALY E6s 48 el SU0%0 “8v g iy £
€L0%0 fe94 %8 [ 210°0 #8%g iy 2
25170 IR 1) 4 78 1L B Y00 T8 g TE
9¢0°0 i8¢ 18 Jé €10°0 cg¥s it 0¢
§60°0 °gss 08 69 Lz20°0 41 9¢ 62
e 1 b T g7
6L0°C *19¢ 81 L9 L10°0 *6%S - b LZ
090°0 LGS Ll 99 %60°0 €96 €e 9cZ
19070 955 9L 59 51070 695 (47 X4
e00°0 *8%¢ Sl %9 Z10°%0 °8¥ G 8¢ 2
810°0 °6%S vl €9 s00°0 *6%G 92 €
DEGOD GG L z9 - G e g g
160°0 LGS L 19 600 °0 °g 4G 194 12
691°0C “HLS 0L 09 LO0®C0 #gHq 1¢ 74
S00°U 87 69 . 65 ] v50°0 43 414 &1
22u®0 °E8s 89 8¢S L10°) “8%G 61 g1
LED®O °95¢g L9 LS %00°0 eL9S 81 L1
LGO®Q GG g g g e g ey e e T o
¢006°0 *LYS 59 SG ¥90°0 °8s¢q 91 o1
200°0 °2ss %9 2% c¢8eo *ZLS ¥1 %1
BO0*0T B ® 52 Y £l de 1 °U 19y tl el
020° 0 °6%S 29 29 8200 °64%S 21 21
99¢°C °88¢9 09 16 §2¢0°0 “%6%s 11 11
COGOQ o A G G G O e g e o1
900 °0 6496 8% 6y - - 6 6
s10°0 166 LS -8y 9¢0°0 644 8 8
=" = 9% L% B810°0 "BH%G r L
200°¢ eLlys 3 9% 280°C 6669 9 S
90G®°0 °8v S %G SYy LTT1°0 °89¢ S S
010°0 T GG gy | Q@Y GG C R oty
Gcu°0 °2s5 2% 124 8L1°0 *Zls € €
Se0°0 °Gs¢g 1¢ A : €ee®0 °$8G I4 4
Y A ¢ 1 2 0 N ° £ 2 ) 0s % SLL®O °809 1 1
SO/MD diW3i 2/1 TINNVHD SO/MD dW3l 271 TINNVHD
900°3 M RAA B 27 A Tee9g 19°d8 . ~ 90 3L16°€ 90 3JLlecE T 0%CL
(1d4)HdSY 11 ld HdSHML SO ~ 13 L4/NATN HIOVW

R o - B —. U — PM Qy S S —— - P
95 ON NNy 90T °ON 1531 O0="9 ,0=% 0=d L0=0



26

Le0®0 2598 6 38 ; 9LL°0 ; EHG &% O%
281 °cC “LyS 16 64 SO0 0 SHh g 8% 6E
(ELANARE fEES 06 g4 800 °0 fEh g L% HE
ST0°0 L%5 &8 Ll - 413 R ¥ HH6 9
Jr1°0 594 g8 G 200%0 fEVS 5 A’
LI0%0 TeHs L8 XA 160°3 MR A 5¢
6e G0 4 9y %1 o 90070 TERG £y A4
¥80° 0 655 68 el ERAAAY “5HG Y 13
611°0 *BSGG 78 i L14°0 *G%s 184 2F
dEL70 595 cd L U0 ELES gt e
c16°0 “ZHs 18 0L 916°0 °HHG Lt 0t
s10°¢C cEYrS 08 69 90G0°0 - H4 g 9t 62
QZG OO G g G e e e gz
821°0 °96¢g 8L L9 913°0 A ve Le
LOT°C °€ss L 99 860 °0 °0sS €e 92
80170 13 9L 59 610°%) *H%9%s [43 24
%16°C *eEws G &9 L10°9 °6%6 8Z 24
%€0°0 °uvg ¥l €9 £00°0 *hy s 9¢ €2
D e s 57 g
260°0 °1ss L 19 610°0 °GHG 14 1
161°0 °659 0L 09 G00°0 i A 1< 0z
. 2000 42 69 6% 9G0°0 *HHG 0¢ 61
900 °0 %e¥s 89 86 120°G °GY%g 61 81
e10°0 A4 LS LS €20 °0 °6% g 81 L1
BZGO D GG g GG e ey GG 1T g
s10°C EvG 69 54 9Ga°o °GYyG 91 sl
220°¢ Al %9 %G Geoco °GHG 71 1
o g™l “5%% vy [ AV HUG el i
#90°0 *LhS 29 4] 700 °0 AR A 1
6L 0 °09¢ 09 Is 6c0°9 GG 11 117
R il A A o1 ot
VAL °EHg 84 6%y 800 0 oH4 G 6 6
€0G*0 A2 LS 8% SEU°0 °GH g 8 8
C10°0 A2 9% Ly YL0%J 8% 5 L L
G°a °ys 66 a4 - - 9 9
cou°e °2Z%s 5 Y €%0°0 *8%G 5 S
B R T e e iy oy
900°0 Evs 25 154 - - £ €
€16°n *5%s 16 2y : - - < 4
B4V Ady AR A 0s 1% 9680 G8% t T
SO/MO diWdl 2/1 T3INNVHD SB/MD dW3il 3714 TINNVHI
900°0 °99%1 °ese °TLs ¥6°8Yy S0 3Rt 90 3B0TT T 0wt L
(14}Hd4SY 11 id HdSM L SO - 134 14/NA3H HOVW
° ) I § = © A = =
[ ON NOY 9u1 ON 1S3l o0 =9 ,0=°7¢ 0 = d omH =D



a=15° p=0° 8, =0 &, CTEST NOs 106 RUN NO, 2
MACH REYN/FT REL QS TWSPH PT 7T RSPHI{FT)
140 3. 66E 06 3. 88k Q6. . 105%.92 6056 9784 15864 0,006

CHANNEL T/C TEMP QW/ QS CHANNEL T/C TEMP QW/GS
1 1 605, (879 41 80 844 . 0e003
2 2 - - 42 51 - -
3 3 - - 43 52 545 0.004

- by 586 0e193 - b 53 S544¢ 0002
5 5 5506 0041 45 54 544, 00002

' 6 6 - - 4 6 5 5 5‘?3 ® 0 [ 0
1. 1 550s 0,076 47 564 5476 0009 ...

8 8 5444 0,035 48 57 544, Ce 002
9 9 540, U007 49 58 5444 D001

10. A0 88T . 0e035 50 B9 .. 543, 0,001

11 11 544e - 0026 51 6C 586, 06334

12 12 541, 00 005 52 62 553, 0060

13 13 542, Q.009 53 63 58500 D040
14 14 546, 0.035 54 64 547, QeN26
15 16 543, 0,012 55 65 546, Cc.018

16 . 17 Y Y 0020 ... B6 ... 66 ... 550, 0026
17 18 544, 0,024 57 67 547, Q015

18 19 544, 0,022 58 68 545, 0.008

19 20 843 0010 59 A9 543, 0,002

20 21 544¢ 0. 009 6C 70 585, Ool54

21 23 544, 0.024 61 72 5650 Do 094

22 . b .. 543 0019 . 62 . 13 -3-3 PO 0052

23 26 5454 GCo 010 63 T4 549, 2,029

24 28 545, 0,023 64 75 546, 0015

25 32 5454 0026 &% 16 569. 0.113
26 33 559, 0.101 66 T7 568, Nel09

27 34 564, 0.017 67T 78 575, 0126

28 .35 843, 0001 68 79 . 549, 1024

29 36 545, 0,011 69 80 552 D030

30 37 546, 0.023 70 81 545, 0011
i 38 . ...55%0 0,045 LIy 8 601 0185

32 41 54 7e 0020 72 84 580 0,119

33 42 548, 0,025 73 85 5600 D,079

Ady 43 545, 0009 14 86 %506 0040

35 44 544, 0002 75 B7 546, D013

36 45 S546e D 009 76 g8 575 0,136

- 45 5% Qale oo X7 8 45 0015

38 &7 544, 0.013 78 90 5%1a De 042

39 48 H44 0,065 79 91 556, .176

&0 49 546 02007 8¢ 92 . 552 00329

-Le-



a=15° p=0° 8g=0° 3, TEST NU, 106 RUN NO, 18
MACH REYN/FT REL QS TWSPH PT T7 RSPH{FT)
Te&0 ..  5.86E 06 6.21E. 06 115,05 6226 ... 1436, 1507. 0,006
CHANNEL 7/C TEMP QW/QS CHANNEL T/C TEMP QW/ QS
1 1 6lbe 0,922 41 50 5534 0,003
2 2 - - 42 51 555, Ne010
3 3 - - , 43 52 554, 0.004
. e 60le 00198 . .. ek 5B .. 552, . DeNQ2
5 5 563, 00038 45 54 553, 06202
6 6 - - 46 5% 552, Do 0
7 7 5626 (.079 47.. .. 56 5556 D6eD09
8 3 5568 02035 48 57 5536 0,003
9 9 5526 0306 49 58 552, NeN0O2
210 el Q5590 i Qe 0B .50 59 . ..552e 0,001 .
11 11 555, 0,026 51 60 597, 0.354
12 12 553, 0008 52 62 565, 0,071
13_. 13 5540 0,008 53 63 567 0,076
14 14 561, 0.046 54 64 5656 0082
15 16 555, 0.011 55 65 563, 0,050
16 17 5568 ... 0023 B6 b6 5606 . ....0.027 .
17 18 5560 0,022 57 67 557 De 016
18 19 555, C.023 58 68 555, 0,008
19 20 555 0,011 59 69 552 0002
20 21 5554 Co010 60 7C 598, 0,175
21 23 5556 0017 61 72 5786 D099
22 24 .. 8Bbe. .. 0020 . .02 T3 .. 8636 . . . 06049
23 26 556 Ce014 63 T4 560, 0.031
24 28 . 555, 00015 64 75 564, 0,046
25 32 5546 0019 &5 16 882, 0120 -
26 33 571 0,108 66 77 581, 0115
27 34 554, 0.018 67 78 589, 0.130
.28 o LT 552e L0001 68 19 . 560, 0.023
29 36 5556 00012 69 80 563, 0sN31
30 37 . - - 70 81 554, 0007
31 38 561, D046 71 82 518 0,197
32 1 569 003107 72 84 597, 0.126
33 47 559, 02028 T3 85 576 0,092
34 43 554 0018 T4 86 5662 Qe 67
35 &4 553, D003 75 87 5670 9,039
36 &5 555, 0. 00C 76 B8 587, 134
37 46 5604 (AP £1.0 N i7 89 555 g15 R
38 57 584, 0,017 748 90 563 Gel14?
39 48 558, 0.024 79 91 598, D3.179
40 49 559, 0,025 80 92 565, 0.041

-g2=-



-29-

0%0°%0 *19¢% 26 08 LGO%0 $66¢ 6 194

$91°0 °e8s 16 61 220°0 *95g 8% 6€
€50°0 °656 06 g1 610 °0 °55¢ LY 8¢
€107 0 *HEE T bE L THOCO LSS 9y I
921°0 *9i4 88 91 600°0 *HGG S 9¢
#4500 °09¢ L8 St 200°0 *€gg v 5€
%Z1°0 *695 98 b1 110°0 °%65 £y vE
160°0 *0Ls $8 €l 920°0 °l5S Z% €€
811°0 *£8¢ 48 ZL 290°0 *09¢ 187 2¢
Y61°C °16 g L FE VAL 55 gt e
%10°0 °4GG 18 0L 0€0°0 °96¢ LE ot
%10°0 e 08 69 210°0 °%G¢ 9¢ 62
€10°0 voce &1 69 e GG B g
221°0 °08% 8L L9 120°0 *H6G 23 L2
0T1°0 °%LG L 99 901°0 °59¢ A3 92
LI1*0 M7A A 5% 100 %55 ct 5¢
LEV® O °09¢ Sl ¥9 €10°0 °€GS 82 92
080 °0 °29¢ 7} €9 210°0 *4HGg 92 €2
5500 O L L g
250°0 *ELS 2L 19 G10°0 °€Gg €2 12
¥91°0 *019 oL 09 110°0 *€GS 12 0z
100%™ 0 vechS bY 65 v1070 5% O¢ 61
900°0 °4GG 89 - 8¢ 220°0 °€gg 61 81
€10°0 *56S L9 LS 02¢9°0 °€GS 81 L1
520°0 e g Gy G pzge egeE T T
94G°0 %666 $9 S¢S 010°0 43 91 St
€90°0 °8GS v9 (49 %40 °0 °LSS A b1
I 2 A ' R R 994 vy | 2) ¢ctU™0 A2 el el
0L0°C *29¢ 29 26 010°0 *055 . 21 21
S6€°0 °08¢ 09 15 920°0 *€SS 11 11
100°0 - B TSI o1 oT
100°0 °266 86 6% - - 6 6
200°0 *€SS LS 8Y €€0°0 °€5g 8 R
T - - 9% Ly L7370 LSS JA L
100°0 ©266 19 94 - - 9 9
200°0 °€GS 21 Gh Ge0°0 °8gg S S
200°0 CgGG o EG gy g Teg g g ey
€06° 0 e 2s £y . - - € €
600°0 °4GG 16 2Yy - - 2 2
T QUTC T TUESS U% 1% IY8~0 *g19 1 T
SO/MD dW3lL /L 3NNVHD SO/MD dW3l 3/1  T3NNVHI
900°0 °H6¢1 °98%1  °509  9Z°¢0T 90 3%€°L 90 3IZ6°9 UYL
(13)HdSY 11 1d HdSML SO 13y L4/NATY HOVW
c9 ON NNY 901  °0ON1S31 D=9 0=""¢ 0= d oS8T =D



o =15° B =0 B, = +14° Sr,?“iZO? __TEST NO. 106 RUN NO, 19
MACH REYN/FT REL QS TWSPH PT 17 RSPH{FT)
. Te 40 8..04F 05 Bo.50E 05 56,68 . 582, 232, 1655, 0.Q06
" CHANNEL T/ TEMP QwW/ Qs CHANNEL T/C TEMP AW/ QS
) 1 588e 06912 b} 50 ~.558 L0003
2 2 - - 42 51 558a 00012
3 3 - - ) 43 52 557a 06006
.. oy . 85872e i Dol BT 53 .55 0002
5 5 5596 G041 45 54 557 0.N01
6 6 - - 46 55 556e 0.0
T 1 551 a Q0073 47 56 8586 ... De0YY
3 8 555, 0032 48 57 557, D004
9 9 554, 0,008 49 58 557 0002
210 10 ..8576.... DeQ3T. . .50 .89 . 5566.. D0
11 11 555, 0025 51 650 577o Oe 344
12 12 554, 0003 52 62 56Ce Ne063
1.3 13 554, 0,006 . 53 63 8586 D0 QB
14 14 556e D022 54 64 557« 0.N23
15 16 555¢ Ve 006 55 65 560, 06057
.16 17.. .558,. . D014 ... ,56”.MH,H66W” ..560s... 0025
17 18 556, 0,023 57 67 558, 0013
18 19 5566 0,022 58 - 68 558, 0.006
;;;;; 19 20 58 6e 007 59 69 - T
20 21 556, 0.006 60 70 5856 Qo 163
21 23 556 0.019 61 72 566 0.085
22 24 5868 . ... 0Be0Y0 62 13 .. 5606 ... NaD82
23 26 557 0.003 63 T4 5596 DeN33
24 28 €56 0.016 64 75 561, 0,051
25 32 557a 0017 65 16 566 0105
26 33 5620 o100 &6 17 565, 0101
27 34 557 C.016 67 78 570e Nel24
.28 A5 8576 ... ... Q0001 ... .68 . 19 . 588, D019
29 36 557e 0s 007 66 80 557« 0,010
30 37 557e 0,017 70 81 5856, 0002
3 a8 559 (044 71 82 578s 0187
a2 41 557, 0,018 T2 84 570, 0117
33 42 5858, 0025 73 85 562« 0D.076
24 43 55 7. D006 T4 B4 5592 02038
25 44 557 0,001 75 87 560s 06050
%6 45 558, 0.007 76 88 568, 0,130
37 LBE L 557s 0,008 17 89 556, D036
28 47 556 a1l Ta 90 555, 1,006
39 48 557, D006 79 91 5749 g 230
40 4 558, 0,006 ac 52 565, 5090
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a=15° B=0° § =+14° 8, =220° TEST NOo 196 RUN NO. 20

- S
MACH REYN/FT REL Qs TWSPH PY T7 RSPHIFT)
740 ... 3e15E 06 . 3,98E 06 ) . 9968 6068¢ 958, 1544 Ca00N6
CHANNEL T/C TEMP QW/QS CHANNEL T/C TEMP QW/QS
1 1 621 00877 . 41 50 5586 . 0,002
2 2 - - 42 51 - -
3 3 - - 43 52 558 0004
. 4. .. 5906 . . Gel9l . .. e 44 .53 . . .557,. 0.002
5 5 563, 0.038 45 54 5570 NeNQO2
6 6 - - 46 55 556, 0.0
1. 7 5638 0073 . 47 86 589, 0009 . .
8 8 559 0033 48 57 558, 0s0C3
-9 9 556 U007 49 58 557q 0001
A0 0 B8 e Qo034 . 80 .. ... 859 ... .. 556, NL001
11 11 5586 0024 51 60 599, 0343
12 12 " 5566 0004 52 62 5656 06062
13 13 557, 0,008 53 63 564e. . o 0e039 .
14 14 561, 0,035 54 64 561, 0.033
15 156 558s 0e 010 55 65 576, 0.105
16 ... 17. .....559 . . 0020 oo . 56 66 562 . De026
17 18 559, G021 57 67 5600 00014
18 19 559, C.022 58 " 68 559G, 0,007
19 20 5576 (0009 59 69 557, 26001
20 21 5586 Ce 009 &0 70 6120 D6 165
21 23 559. 0.016 61 72 574, 0.090
22 2% .. 5986 ... ... .0e018B. .. . . 02 13 564s. ... 0,054
23 26 558e 0o 009 63 T4 561. 0,030
24 28 559, 0014 64 75 58Ce 00133
25 32 559, 0017 65 16 517a 0113
26 33 571 0.105 66 T7 577, Cel04
27 34 5596 o017 67 78 582. 0,125
28 .35 . 55Te. ... 0001 . B8 19 . 562 0021
29 36 559, 0,011 69 80 564¢ 0,025
30 37 560, 0,016 70 81 557, DeNQO2
i 8 b D45 . 13 e B2 98 0198
3z 41 561 0019 72 84 586 0119
33 42 562, 0026 73 as 5704 0080
34 473 558, C.009 T4 Bé& BH3. 0,040
a5 &4 5576 0,001 75 87 572 0,084
36 45 559 Jo 008 76 88 580e 0s128
37 . 456 568, D012 77 89 Ba D012
38 47 558, 0011 78 90 556, 0.002
39 48 559, 0 006 79 91 600, D220

40 . %9 560e 0007 80 92 577e 0098
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a=15° B=-5° 5,=+14° 5, =220° TEST NJo 106 RUN NNo 21

MACH REYN/FT REL Qs TWSPH PT TT RSPH(FT)
Te40. . ...  1o03E. .06 . . 1.09E 06 . . ..500C8 ... .. 5780 .. 250e . 1502, 0.0C6
CHANNEL T/C TEMP QW/QS CHANNEL T/C TEMP QW/QS

1 1 591s Q863 41 50 550 (0002

2 2 - - 42 51 5516 06007

3 3 - - _ 43 52 " 550 06004

& Y 7S 56D Dol L e Kl BB BB g Qe D

5 5 5556 00042 45 54 550, 0.0

6 6 - - 46 55 551, 060

7 7 5564, 0.016 47. ... 56 5510 0004

8 8 552, 0,052 48 57 551, 0,003
9 9 5506 0,007 49 58 550, 0.0
10 10 5530 Col38. e 5L B9 .. 5816 .00
11 11 552, 0.039 51 60 573, 0o 400
12 12 T 549, 0.003 52 62 555, 0.067
12 13 550 Qe 006 53 A3 553, 0038
14 14 5536 0,052 54 64 5524 06024
15 16 552, 0.019 55 65 5584 06065
16 Y7 . . 58l. . D027 . . . ... 56 . 6. . 553, 0,020
17 18 551e 00,028 57 67 552, 0,010
18 19 5520 0o 034 58 - 68 5510 NeNO04%
19 20 551e 0Dl 59 69 551e 060 .
20 21 551 0.006 60 70 576 0.194
21 23 551e 00026 61 72 565, 2.115
22 ... 24 . B52¢ 0,029 b2 T3 B585¢.  0,0€3
23 26 551 C.003 63 74 5544 00040
24 28 551, 0.024 64 75 557, 0,040
25 32 551e N.026 65 16 565 0,129
26 33 559, Dol124 66 77 5656 D122
27 34 552, 0,028 67 78 5706 0e152
28 ... 35 . ..58550e. .. 0002 . 68 79 853, 0,020
29 36 5506 00004 69 80 552, 0,010
30 37 551 0025 70 81 551 0.0C2
31 38 554, 0,053 71 8 89 . Q0e231
32 41 . 551, 0.022 72 84 574, 0142
33 &2 553 0032 73 a5 561, 0.091
34 43 552 0,019 74 Bé 556 De046
35 44 550, 0,001 75 87 556, 06136
36 45 551 0.004 76 88 5726 1129
37 46 551 0e0L2 77 89 _..553, 0.028
38 47 550e 0,012 78 90 5524 05007
39 48 550, 0.006 79 91 587, e 230

40 49 552 0.010 80 .92 567. 0091
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a=20° B=0° §,=0° 8,=0° TEST NDo. 106 RUN NO. 59

MACH REYN/FT REL QS TWSPH PT 17 RSPHI{FT)
Te40.......  6682E 06 To23E 06 102646 . 624 1487, 1406, 0.006
CHANNEL T/C TEMP QW/QS CHANNEL T/C TEMP QAW/QS
1 1 642 0. 806 41 50 551 0,002
2 2 - - 42 51 5526 0eN06
3 3 - - 43 52 551, Ne 002
& Y S Q2o B0l 3B . I /Y % B3 551, 0.002
5 5 5556 0.026 45 54 551, 0.002
6 6 - - 46 55 5500 0.9
7 7 561. 0..101 47 56 - -
8 8 552 0.036 48 57 551, 0201
9 9 - - 49 58 551, 0,001
Qi 00 5580 0005050 -89 8506 . 0,001
11 11 552e D027 51 60 593, 0e 351
12 12 " 553, 0.028 52 62 5660 0,081
13 13 558, 0,052 53 63 565, 0..070
14 14 558e 0,105 54 64 558, D052
15 16 551e 0012 55 65 559, 06037
b X 852e ... 0024 ... 56 ... . 66 .55 .. . .0017
17 18 5544 C.033 57 67 553, 0.010
18 19 552 00,023 58 - 68 552, 0,005
19 20 5506 0006 59 69 550s 0001
20 21 550Q. 0.006 60 70 5%s 0el65
21 23 554, 0,024 61 712 579, 0.118
il 5820 Qe QXY 62 T3 . 565e. . 0,072
23 26 5526 00 007 63 14 5626 Ge058
24 28 555 0.023 64 75 5650 06077
25 32 555 0.029 65 16 582, 0134 - ~
26 33 569 00119 66 17 582, 0,132
27 34 552¢ Ca 017 67 78 588, 0s143
228 .35 0. 588060000 68 79 ... .553s 0012
29 36 552, 0,008 69 80 553, 0.011
30 37 556 0. 045 70 81 551, 0.004
31 a8 &6 De056 R 1 82 A09 0s18
32 41 558, 3,088 T2 84 5956 D135
33 42 559, 0.033 73 85 572 o101
3% 43 551a 05008 BN £ g6 . ... 561, 0,054
35 &4 551, 0,004 75 87 563, G066
36 45 5520 G.006 76 84 577 G.122
AT . b’ e Q66 17 g — a8
38 47 556e Ge332 78 90 555, Ge022
39 48 555, 0036 79 21 586, 0177

40 49 , 5550 ... . 0.,012 B0 92 560, 0,038

""7{"
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O
a=230° p=0° §,=0° 8,=0" o TEST NQ. 106 RUN NO, 3

MACH REYN/FT REL QS TWSPH PT 7 RSPH(FT)
Te4U . 9283E 05 . 1e 04E 06 48072 581, 239. 1599, 0006
"CHANNEL T/C TEMP QW/QS CHANNEL T/C TEMP W/ QS
1 1 5 8le Qo785 : 41 50 545, 0002
2 2 - - 42 51 6120 060
3 3 - - 43 52 543, 0s”
M A 283 g B3 L3 e Ky BB Bl e
5 5 5356 Co015 45 54 564, 0.0
6 6 - - 46 55 544, 060
1 7 541, 0sl%3 47 56 S544s .. 0004 . .
8 8 534, 0,033 48 57 544, 0.001
9 9 5326 Vs 008 49 58 545, 0.0
LAo 10 5408 0083 B0 B9 Bhb, Q0.
11 11 534, D.025 51. 60 5585 Ne 326
12 12 532 0.013 52 62 549, 0,095
13 13 . i . 7% 0020 83 63 548, D88
14 534, 00032 54 64 5464 0036
15 16 534, U.005 55 65 " 5460 DeN26
16 .17 o 83be o 0013 86 66 . 545.. . . 0.007
17 18 539, 0060 57 67 545, 0.003
18 19 536 0,021 58 68 S44e 70001
19 20 536 Q.003 59 69 544, Ns0 et o e
20 21 536, 0.005 60 70 560, D176
21 23 541lo 0o 052 61 T2 56C. 0,158
22 2% ..5386 . 0eQYT 62 T3 . 55la . Qel0Q0.
23 26 538. 0.003 63 74 5649, Q067
24 28 543, 0,048 64 75 547, 0.030
25 32 5444 0050 a5 16 559 NalS?
26 33 549, Os111 b€ 77 5576 0el42
27 34 541, 0,011 67 78 562e 0159
28 38  542e.........0s00 68 _ T9.. 544. 0,008
29 36 5426 0,0N5 69 80 545, 1.,006
30 37 , 5454 0,046 70 81 544, 00
1 38 548 , 0,067 i 82 9 0218
32 41 546 D040 72 84 563, 0.148
33 42 5476 0e045 73 85 554, 2,119
34 %3 . Dhbe 002 74 86 . 549 De067
35 44 544 0,000 i5 87 5476 0s031
36 45 544, 0,003 76 88 554, 0,096
46 45 D024 — 1 . 9 4 000
38 47 546 D037 78 it 545, U014
39 %8 546, 0017 79 91 553, 05155

40 49 547, J:022 8¢ 92 ... 5%8. 0030
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a=30° p=0° B8g=0° &,=0°

‘8€'

R S TEST NOo 106 RUN NOo 5
MACH REYN/FT REL Qs TWSPH PT 17 RSPH{FT}
Tohd . ... .2.89E Q6. . 3.06E Q6. ; ; 85.16 635, 739, 1545, 0006
CHANNEL ¥/C TEMP QW/QS CHANNEL T/C TEMP QW/CS
o 1 1 633, Coll2 . 41 50 S50 De0D4
2 2 - - 42 51 613, 0.001
3 3 - - 43 52 5508 0.002
ke s ..585¢ .. 0319 b 853 .. 549 QeN02
5 5 552, 0.018 45 54 549 0001
6 6 - - 46 55 549. O.")
7 1 584e D148 47 56800 D003
8 8 552 0036 48 57 549, 0,001
9 9 549, 0.C13 49 58 569, 0,001
U ¢ M ¥ ¢ N 85620 0008% i S8 59 549, . 0,003
11 11 551e 0,026 51 60 582 0,298
12 12 551e 0, 022 52 62 5656 00091
- 13 13 551 0,040 53 63 5626 o .. DeQb& ...
14 14 552 0050 54 64 5584 0040
i5 16 5506 Ce 006 55 65 556, 0,028
Y6 1T . 55%0e i Collb 86 b B81e .. 0009
17 18 557 0065 57 67 5506 0006
18 19 551, 0.023 58 . 68 550, 0.004
,,,,,,,,, 19 20 5480 Cal04 59 a9 549 0,003
20 21 549 Qe 004 60 70 5890 NDal71
21 23 556, 0.055 61 72 582» Nelb2
VX 3 ..550a .. Q01T 62 X3 ... DB66e . ......0e1056
23 26 549, 0002 63 T4 561 0.068
24 28 5570 00650 64 75 558, 0,040
. 25 32 555, 0.058 65 16 582 0163
26 33 565, 0.112 6¢ 77 582 0es 148
27 34 550 0.,01C 67 78 586, Nel62
2B 35 549 i 000068 X9 BBl ... 0009 .
29 36 549, 0,004 69 80 5520 0,012
30 37 557, 6,049 7C 81 549, 0,001
31 38 56 L Da.071 71 8z 599 1018
A2 41 558, 0045 72 84 593, 0.148
33 42 560e 0e 046 73 85 572 0121
34 43 54%e 203 T4 86 561s 0072
35 Ldy 549, 0,001 75 B7 556, 0.029
36 45 550e G002 76 a8 869, 30196
37 4 555 0029 17 89 1494 _0afi0s
28 &7 557s Je 051 78 g0 550, 0,014
39 48 5566 0,017 79 91 Bb4 e s 146
&0 49 556, 0.026 , 80 92 . ... .5%6s 0032
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30°

8p ?milso

ugf.’—

o = B=0° 8g = +10° TEST NOe 106  RUN NOo 16
MACH REYN/FT REL QS TWSPH PT TT RSPHI{FT)
. Tef0. . . -3s96E 06 40 2CE 06 93,82 . 64 8e 984 .. 1519, Qa6
- CHANNEL T/C TEMP QW/ QS CHANNEL T/C TEMP QW/QS
1 1 6486 0e.755 41 50 5536 0004 -
2 2 - - 42 51 553, 0,003
3 3 - - , 43 52 552, 0.0
JY /S Y /S 22 Do BLE byl .53 5852, Qe
5 5 5536 0,017 45 54 5520 Ve 0
6 6 - - 46 55 551, Nen
7. 7 568 0.153 47 56 553 0006
8 8 553, GCo 037 48 57 552, 5,001
9 9 5506 0013 49 58 5520 0e0
NS ¥ ¢ WORRUNSE ¥ o S D65 D0 BBE i B0 B9 BE) g 00 ..
11 11 552 0,027 51 60 591. 0e322
12 12 " 553, 0024 52 62 569, 0,100
13 13 857 0041 53 63 565, Na &L
14 14 558, 0,044 54 64 5600 0eN43
15 16 551, 0.007 55 65 587. 0,179
L6 01T 9826000130 i 56 6B .. 883, 0007
17 18 5600 Ce D64 57 67 552 0004
18 19 553, 0.022 58 68 552 Ne002
19 20 552, 0.00% 59 69 550 0.001
20 21 552e 0o 004 60 70 596, 06170
21 23 559, Co054 61 T2 5G9Ce 0el€l
22 24 5516 06020 i 62013 5Tle. . . Nel07
23 26 552 0.002 63 T4 5660 0,072
24 28 559. U048 64 75 572 0,095
25 32 557 0054 65 146 589, Nelbh
26 33 570 Dall4sh 66 77 587e 0154
27 34 552, 0,008 67 78 594 ¢ 0,160
2B 35 .. 88)e . 0eQ00. o 68 79 853, 0013
29 36 552 0003 69 80 557 0,026
a0 37 560, 0048 n 81 551e D006
3 38 565 0.069 71 a2 611 Ne17
3z 41 56le 0044 72 84 601, Q3.150
33 47 567, 0091 T3 85 577x 0,128
34 43 552, (L0002 74 86 566 Ga074
35 L4 5524 0,002 75 87 571 0099
26 %45 552s G 001 7é 88 573, 0091
27 558 a0 17 89 550 0007
a5 47 570, 0,123 78 90 B8B4G, 0006
39 48 56C s 0020 79 91 5090, 0169
40 49 5638 D036 80 92 567 0067



a = 30°

B =-5° 85 =+10° 8. = F13° TEST NDo 106 RUN NOo 23
MACH REYN/FT REL. Qs TWSPH PT T RSPH(FT)
740 9.98FE 05 . 1.06E 06 49,22 5934 . 245, 1509s . 0006
CHANNEL  T/C TEMP QW/Qs CHANNEL  T/C TEMP QW/Qs
1 1 58% e 0891 41 50 549, D002
2 2 - - 42 51 549, 0,004
3 3 - - » 43 52 549, 0.0
/S Y S . '577'80 NSRRI ¢ P 3% i B BB B4 [0 1P ¢ T
5 5 551, 0,017 45 54 549, 000
6 6 - - 46 55 550, 0.0
7 i 556e Qe l44 47 . 56 549, L0003
8 8 551, 0o 049 48 57 549, Do
9 9 549, 0,010 49 58 549, 000
1¢ ... 10 B88 e Qel08% i B0 B9 8549 . 0.0
11 11 5516 00037 51 60 568 0.394
12 12 549, 06008 52 62 5560 Col108
13 13 549, 0012 53 63 5546 0067 ——
14 14 549, G016 54 64 552, 0.046 .
15 16 549, 06003 55 65 556, 0.071 £
16 .17 549, 0,005 56 .. 6b. .. . 5500 . 0008 . i
17 18 553, 0.063 57 67 5500 00004
18 19 551, 0.033 58 " 63 550, 0.002
19 20 849 Cal04 59 A9 5506 0,001
20 21 5506 0o 004 60 70 563, 00195
21 23 552, 0.055 61 72 568, 06165
2224 550e.. . 06027 62 73 557, 0,103 _
23 26 5500 00002 63 74 555, 0.073
24 28 5526 00049 64 75 558, 00060
25 32 881« (.53 &% 16 68, Ne l76
26 33 559, 0.152 66 77 567, D.167
27 34 549, 00020 67 78 573, 0190
28 .. .35 549 .- 00001 . . 68 79 550 ___  0e0
29 36 549, 0.006 69 80 550, 060
30 17 551, 0.048 70 81 550, 9.0
31 g 5 0o 08 71 82 5T4o  De243
32 41 551, Do044 72 84 576, 0173
33 42 553, 0.053 73 85 563, 0o130
34 43 550, 0.007 74 86 557, 0.075
35 44 549, 0,001 75 87 556 0.050
36 45 549, 00 003 76 88 565 0,108
a7 46 550, G.028 77 89 0e0C
25 47 551s (e 14 1 78 g0 551 0006
29 48 550, 0.017 79 91 5826 06215
40 49 552, 0,023 80 92 566. 0.104



a=30° Bp=-5° 8,=+10° 8,=7"%1z° TEST NO._ 106 RUN NOo 24

MACH REYN/FT REL Qs TWSPH PY TT RSPH(FT)

Te&D .. .. 4.12E 0b“, .. 4e37E Q6 . e . 87elbe . H4b6a 965, 1466, 0006
CHANNEL T/C TEMP QW/QS CHANNEL T/C TEMP QW/ES
1 1 642, 0,910 ‘ 41 50 554, 0002
2 2 - - 42 51 555, 0,002
3 3 - - 43 52 554, 0.0
. i 8200 D0 B328 el 5B 55 Dol ...
5 5 550, 0.017 45 54 554 00
6 6 - - 46 55 584, 0.0
7 7 512 {2158 47 LY . 555.. (30002
8 8 5600 D052 48 57 554, 0ol
9 9 5560 0.017 49 58 554, 00
10 0 BT 00 00090 B0 8958 o Ol
11 11 560, 0.038 51 60 5765 Ne 405
12 12 - 555, 0.013 ‘52 62 575, Nall5
13 . 13 5570 0020 53 63 569 Qe QT3
14 14 5570 GoG20 54 64 563, 0,049
15 16 555 0c 004 55 65 578s 00105
A6 1T B55, 0006 e 86 B B85 00007
17 18 5656 0.068 " 57 67 555, 0.004
18 19 5600 0034 58 . 68 " 554, 0.002
19 20 5550 0,003 59 69 554 0002
20 21 556, 0,008 60 70 581, 06201
21 23 564, 0.058 61 72 598, 0172
2B ®8800 006028 62 T3 .56 D110
23 26 555¢ Qo 004 63 T4 569, 0073
24 28 . 564, Q0.052 64 75 573, 0,067
25 32 562, 0.054 65 16 584, 0,188
26 33 5806 00,153 66 77 584, D173
27 34 5576 0020 67 78 591, 0s191
2B 35 . .88 . 0e00Y .. 68 .79 . . .. .88686..... D004
29 36 555, ' 0004 69 80 556, 0,008
30 37 563, 0,052 70 81 5854, 0,001
3 38 571 0. 087 11 8 601 D263
32 41 562, 0,048 72 84 618, 0173
33 42 566, Q.0586 T2 a5 589. Oe144
34 43 .. 556, Ca014 , 74 8 8720 0087
35 & d 554, 0,001 75 87 570 0087
A6 45 554, 0,002 76 a8 585, Uei06
37 46 5589 0,034 I 17 .89 : G004
a8 &7 562a 0,089 78 g0 558, 0.003
39 48 559, 0s 019 79 91 614, Ge 204

40 49 560, . 0.024 . 8¢ 92 . 583s . 01C0

-gﬁ-



a=53° B=0° B§g=0° §p=0° TEST NOo 106 RUN NOo 7
MACH REYN/FT REL QS THWSPH PT T7T RSPHIFT)
1240 ;.1014E U6 . 1e21E Q6. o . 440518 62le . 257a . 1431, 0o N06
CHANNEL T/7C TEMP QW/Qs CHANNEL T/C TEMP AW/ ¢S
i 1 hR3, O 686 41 /RC 553a N0
2 2 - - ' 42 51 553, Ne0
3 3 - - 43 52 553, 0.0
4 oy 5 T5e Qo bS b 53 5853, D0 .
5 5 555s 0o 009 45 54 553, 0001
6 6 b b 46 55 5539 0-0
1 7 569 0,248 47 56 553, 0001
8 8 555, Do 038 48 57 553, 0.001
9 9 553, 0,008 49 58 646s D CO1
LLO A0 5686 o 0157 B0 59 BB3, 0002
11 11 5856 Q.027 51 60 572 0,181
) P 12 . 554, 0,011 52 62 563, U134
13 13 55440 00014 53 63 561 06094
14 14 554, 0015 54 64 558, VD66
i5 16 554 ¢ 0.005 55 65 556, 0,049
6o T . B5B%4e. .. CeQO08. 86 . bBbB. . BB3. o 0aD.
17 18 563, Col2l 57 67 553, Co D
18 19 555, 0.022 58 68 553, OeN
19 20 554 . 0,003 59 £9 553, 0.002
29 21 55%4¢ 0,005 60 70 577 0.110
21 23 5610 Qo102 61 T2 5716 Nel71
o G 88%s o 0602082 13 564a ... 0a134
23 26 554, 0,005 63 T4 561. 0,101
24 28 561, 0091 64 75 559, 0,065
25 32 559 0095 55 16 S51la De 185
26 ’ 33 562 0,123 66 T7 5716 Neléb8
27 34 554, 0.009 67 78 573, 0.181
28 .35 553 D001 68 79 .88 . Qe002
29 36 5544 : 0o 009 69 8¢ 553, 0002
3D 37 560 0,084 70 81 5852 0004
£ 8 - 567« O i o 73 8 B o Nei3? —
37 %1 5600 e 080 T2 B 575, 1157
i3 2 560s 0,088 73 g5 566, Oe 157
L A3 5h3. 0. 000 T4 856 BEia Nelll
35 44 553, 0,001 75 87 5549, 0080
E1) &5 553, De{ifl Té 84 557, 0,031
X . 1 55Fe . BaQi55 17 89 __5BEB= Oal
38 %7 5606 01032 78 G0 5%24 G001
G &8 560, 0083 79 a1 587, 0049

40 49 359 , Ce 065 80 92 558. . 0.047



=53 p=0° 8g=0° 8, TEST NU. 106 RUN NU. 8
MACH REYN/FT REL QS TWSPH PT TT RSPHI(FT)
Te40. .. . 1leT13E Q6 1. 83E 06. . 1618 . 655, ... 494, 1650, Q.006
CHANNEL T/C TEMP QW/ Qs CHANNEL T/C TEMP QAwW/QS
-1 1 59]1e 0696 41 50 85C. 0.001
2 2 - - 42 51 548, 0001
3 3 - - 43 . 52 548, Ne 0
5 5 545, 0014 %5 54 550 0eN02
6 6 -~ - 46 55 550, D60
1 1 50718 Q.244 47; 86 849, L De001 .
8 8 544, C.039 48 57 550, 0,002
g9 9 54Q0e 0011 49 58 550. N.002
10 210 5646 01854 B0 B89 ... 5580 . De0CO
11 11 5426 027 51 60 5786 0o 186
12 12 539, 0,009 52 62 565, 0.126
13 13 840e 0,012 53 63 862 0092
14 14 54Ce Na014 54 64 558, 00071
15 16 53G, 0,003 55 65 554, 0,050
16 17 . B39, Q0D B BB B506. . DD
17 18 5560 0,120 57 67 55C. 00
18 19 543, 0,023 58 - 68 550, O F Y]
19 20 540 o N.003 59 A9 550. Ne 02
20 21 541, 0.003 60 70 583, 0,108
21 23 555, 0,101 61 T2 579, 0.165
22 24 B543¢. 00020 0213 B66e... ... (130
23 26 542 0.004% 63 T4 563, 06106
24 28 556, 0,088 64 75 562« 0,081
25 32 8556 0..097 685 16 579 (178
26 33 561le 0ol21 66 77 5780 Nelbd
27 34 546 ¢ 0010 67 78 583, Qel74
28 35 85466 QL0011 o &8 A9 . 580 0002 .
29 36 547e Ga D06 6% 80 551, 0.002
30 37 550, 0,083 0 81 551a 0002
S 18 563 .13y 71 ]z 11 Oai12
32 41 560, 0079 72 84 586 0150
24 &7 561s 0,084 T3 BE 571 0,180
a4 a3 54 % O, 0 T4 86 Shte 0e 109
35 44 549, G001 75 37 561q G077
A6 &5 549, D001 g a8 558, 0,033
EX 46 B . L 5 17 55
8 47 561 (U1l T8 g6 5516 0001
29 &8 561 Q. 054 79 91 558, 0e047
403 49 562 0,067 BC 92 559, 0:046

-Zlﬁ-
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@ =53° B=0° B8g=-7.5° 8,=0° __TEST NUe 106 RUN NOo 11
MACH REYN/FT REL QS TWSPH PY T7 RSPH{FT)
CTe40 . 1o04E 06 1..10E 06 . R 46089 605, 24Te . 1477, 00Q06

C HANNEL T/7C TEMP QW/ QS CHANNEL T/C TEMP QOW/GS

...... 1 1 8A2a 0 695 . 41 a0 5859a 00
2 2 - - ' 42 51 617e D60
3 3 - - 43 52 557 0N
4. 4 5550 .. . Ocbkl2 . . 44 &3 BBT. 0.0
5 5 531e 0015 45 54 5570 D001
6 6 - - 46 55 5576 000
7 1 580, 0248 47 56 857as N LA
8 8 533, 0,041 48 57 557, 0.001
9 Q 530q Co010 49 58 557, 0.002

A0 MG . 89%0e.... . QelB% . o....50. .89 ... 55Te. . ... 0002
11 11 535, 0,029 51 60 5T4e 00190
12 12 . 530. 0.012 52 62 566, 0,126
13 13 531, 00014 53 63 564e. .. (0093

14 14 532, 0.017 54 64 5620 00063
15 16 532, 0,004 55 65 561, D041

16 YT B531lei D0 00T 86 . Bb6. . 88bs . Da0
17 18 550e 0ol122 ‘57 67 556 Qe
18 19 541, 0.024 58 . 68 5576 000
19 20 834 o 0.0 . 59 69 556.. 0.0
20 21 534, Ca0OD4 60 70 577, N,110

21 23 5556 0101 61 72 5746 NelT6

BB 54660020 62 X3 ... . B6bg ... . 0Del32
23 26 541, 0,005 63 14 564, D100
24 28 5600 0087 64 75 561, ND.041

\\\\\ .25 32 N 561, 0..096 65 16 874, 0183 e
26 33 " 564, 0123 66 T7 5756 0,175
27 34 555, 0.008 67 78 576, 0,180
28 35 .. 85526 oo hen2. ... b8 } 19 .. ... 85564 .. N.001
29 36 551e ’ 0,008 69 80 557, 0,001
20 37 564 4 0.081 7C 81 556 0002
a1 a8 5465 Dalilsn R 71 8 SR8 . hel32
32 41 565, 0,079 72 84 857G, DelbHl
23 &7 565, U085 73 85 569, 0. 149
34 43 55 8. 0,000 } 74 86 5864, ) 0e108
35 Ll 556, 0001 75 87 561, 0049
3¢ 45 556¢ T e 001 76 a8 561 G026
37 L . B&2, Ja 058 77 a9 BB A, 0001
38 &7 562 G055 78 90 555 G 00%
3] 48 564, D051 79 91 559, N,08

40 49 56%a 0063 80 92 560. o De048

_Og-
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a=53° Pp=0° §,=-7.5° 8,=0 TEST NOa 106 _ RUN NO, 12
MACH REYN/FT REL Qs TWSPH PT 17 RSPH{FT)
Te 40 2035E 06 . 20 49E Q6 . 76021 660, 609, 1556, G006
CHANNEL T/C TEMP QW/ QS CHANNEL T/C TEMP QW/GS
1 1 537 Q657 4] 50 843, 0001
2 2 - - 42 51 543, 0.0C1
3 3 - - ) 43 52 543, De 0
5 5 5466 0015 45 54 543, 0,001
6 6 - - 46 55 543, 00
7. 1 870 Qa287 47 a6 Q444 Q0001
8 8 545, 0,039 48 57 544, 0.N03
9 9 542, 0a0C1l2 49 58 544, 0eN0Q2
10 . 10 568¢....Colbb . . . S0 .89 . 863e . 0001
11 11 544, 0.027 51 60 5776 30188
12 12 542, 0,008 52 62 563, N.128
13 13 5473, D011 53 63 852, Q212
14 14 5436 06012 54 64 556, 0192
15 16 543, 0.004 55 65 553, 0,096
16 . 17 .. 542+, . 0.005 56 . 66 .. 844,  (1.003
17 18 560e 0s122 57 67 544, 0,002
18 19 545, Co024 58 - 68 544, 0002
19 20 842 . C.005 59 A9 543, 0,001 . N
20 21 543, 0,003 60 T0 581, D103
21 23 5576 Ue 103 61 72 577 0,167
22 2 .543e . 0020 . 682 Q3 BHbhe . Del32
23 26 544, 0,005 63 T4 558, OolC2
24 28 557 0,090 654 75 554, 0115
25 32 555a 0102 85 16 576 Q177
26 33 560q Col22 66 77 576, Nelbl
27 34 544, 0,009 67 78 580, Ne 175
28 35 . B43, 0002 68 . 79 . ... . B43, 0,002
29 36 543, 0003 69 80 543, 0.N04
20 37 556, 0,083 70 81 543, 0003
1 8 562 D110 11 8 590 Dg125
32 41 5576 0,080 72 B4 584, 0:150
33 &2 559, G120 73 B5 567 5 0148
L 43 543, (e D00 T4 #gé 559, Dall?
35 44 543, 0,001 75 87 58520 0049
36 45 544, O.002 s 88 550, 1,030
a7 6 553, 02063 77 89 541, 0.902
A8 47 5527 D075 78 90 5474 G007
39 485 557, 0,057 79 91 554, 0,049
&0y 49 5564 D,068 g0 92z 551s 0,069

~16-
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L a=53° p=-5° 8

= "7-5051':00 R

= TEST MOe_ 1C6 RUN NOo 25
MACH REYN/FT REL QS TWSPH PT TT RSPHIFT)
Te40 1.04E 06 .. 1.10E 06 . 47 .66, 603 249, 1486, 0,006
CHANNEL T/C TEMP QW/Qs CHANNEL T/C TEMP QwW/ ¢S
‘‘‘‘‘‘‘ 1 1 556a 0709 41 50 5424 0002
2 2 - - 42 51 542 0.001
3 3 - - , 43 52 542, 0.0
. L Db Do @BO ol B3 5426 Nel...
5 5 546, 0.006 45 54 542, 0,001
6 6 - - 46 55 542, 0.0
7 7 5530 0247 47 56 542, L0.001
8 8 5426 00051 48 57 542, 0,001
9 9 540, 0,009 49 58 5424 0e 001
10 10 553, . 0e159 . 50 59 . .5424 . 0,001
11 11 56426 0e 038 51 60 556, 0,245
12 12 540, 0,008 52 62 553, 06147
—— .13 13 541, 0,012 583 63 550, 0103
14 14 5416 00011 54 64 547, G.N72
15 16 54le 00002 55 65 5464 0e042
16 T o B4le. ... D005 ... ... .5 66 5424 06001
17 18 550, 0,122 57 67 542, 0,001
18 19 543, 00033 58 68 T 542, 0.00C1
19 20 R42s 0,003 59 69 842, 0001
20 21 542, 0,003 60 70 559, Nel36
21 23 549, 0.101 61 72 564, 0.189
22 24 5426 Q026 .. . 62 . 73 554,  Da.l42.
23 26 5426 0,003 63 74 551e 00104
24 28 549, 0.089 64 75 547, Ne051
25 32 548a 0,098 65 76 564, 0,201
26 33 553, 00 150 66 77 555, N,188
27 34 5426 0,014 67 78 558, 00204
28 35 . 5424 0001 68 LT9.. . . 541s.. . 0,004
29 36 542 Cs007 69 80 542, 0,0
30 37 548, 0,085 70 81 542, 0,002
31 38 52 0.126 71 82 5704 0160
32 41 548, U079 72 84 560e 0e178
33 42 550, 0,091 73 85 559, 0.170
34 43 - - 74 86 553, 0.118
35 44 5426 0002 75 87 548, Je 060
34 45 542 0.001 76 88 550, 0a43
37 A6 546, 0060 17 89 5 D002
38 47 44 0040 78 90 547, 0.005
39 48 548, U063 79 91 550, 0056
40 49 549, 0,068 80 92 548, 5,047
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TABLE I

THERMOCOUPLE LOCATIONS

DELTA-WING ORBITER

(a) BODY
T/C No. X/L R T/C No. X/L @,
deg deg
1 0 0 26 .40 180
2 .01 27 .45 0
3 .02 l 28 .50 \/
4 .03 29 105
5 \V 180 30 180
6 .04 0 31 .55 0
7 .10 WV 32 .60 %
8 ¢ 106 33 79
9 180 34 103
10 .20 0 35 142
11 if 104 36 180
12 180 37 .70 0
13 022 J/ 38 79
14 o4 39 103
15 .26 0 40 180
16 i’ 158 41 .80 0
17 180 42 76
18 .30 0 43 102
19 106 44 1329
20 158 45 y 180
21 y 180 46 .90 0
22 .35 0 47 79
23 .40 v 48 992 0
24 105 49 J} 78
25 y 144 50 180
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TABLE I.- Concluded

THERMOCOUPLE LOCATICONS

DELTA-WING ORBITER

(b) WING
T/C No. % BExposed 4 Chord Wing
Semispan Designation
51 7.0 10 right, top
52 20
53 40
54 60
55 80
56 16.7 20
s7 40
58 60
59 80 /
60 2.5 left, bottom
61 5
62 20
63 40
64 60
65 4 80 )
66 45,6 10 right, top
67 20
68 40
69 80 N\
70 2.5 left, bottom
71 5
72 10
73 20
74 40
75 80
76 55.3 10
77 65,0 \L
78 74.6
79 84,3 20 right, top
80 40
81 80
82 2.5 left, bottom
83 5
84 10
85 20
86 40
87 80 /
(¢) TWIN VERTICAL TAILS
T/C No. 4 Exposed % Chord Tail
Height Designation
88 20 10 left, outboard
89 \]/ 40 right, inboard
90 50 W %
g9l 70 10 left, outboard
92 A 40
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TABLE II

THERMOCOUPLE CONNECTION SCHEDULE
DELTA-WING ORBITER

(Test 106 : Runs 1 - 16, 18 - 26, 54 -~ 60, and 66)

Channel T/C Location Channel T/C Location
Ko, Noe. No. No.
1 1 body 41 50 body
2 2 42 51 wing
3 3 43 52
4 4 44 53
5 5 45 54
6 6 46 55
7 ? 47 56
8 8 48 57
9 9 49 58
10 10 50 59
11 11 . 51 60
12 12 i 52 62
13 13 ; 53 63
14 14 54 64
15 16 55 65
18 17 : 56 66
17 18 57 67
18 19 ; 58 68
19 20 ! 59 69
20 21 | 60 70
21 23 g 61 72
22 24 | 62 73
23 26 63 74
24 28 64 75
25 32 65 76
26 33 66 77
27 . 34 67 78
28 25 68 79
29 36 69 80
30 37 70 81
31 38 71 82
a2 41 72 84
33 42 73 85
34 43 74 86
35 44 75 87
36 45 76 88 tail
37 46 77 89
38 47 78 90
39 48 ' 79 91
40 49 N 80 92
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TABLE III

RUN SCHEDULE
DELTA-WING ORBITER

(Test 106: Runs 1 - 16, 18 - 26, 54 - 60, and 66)

M= 7.4
Run &9 B 9 (Ses 61" Reu"L
deg deg deg deg
55 -5 0 0 0 .75 x 10
57 \% 3.71
54 0 .67
56 \ 3.57
1 15 1.14
2 3.88
18 6.21
60 \V7 V] 7 o34
19 +14 +20 .85
20 \\ 3.98
21 -5 1.09
22 VooV v \/ 4,35
59 20 0 0 0 723
66 25 7,00
3 30 1.04
4 2,12
5 3,06
6 4,17
58 \'J v/ 7.24
14 +10 +13 1.0
15 2,52
16 W 4.20
23 «5 1.06
4 A4 W N \ 4,37
7 53 0 0 0 1.21
8 1.83
9 3,17
10 \% 4,29
ll "7.5 1010
12 2.49
13 v 3,98
25 ""5 1.10
26 \ 4 % A\ 4 W 4,02

L= 0,323 meter (12,720 in.)
0,006 Model Scale
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T

218 226

ROOT RIB

ELEVON HINGE LINE

BASIC CONFIGURATION AS PER

su NR LINES DRAWING 9992-1348,

ALL DIMENSIONS NORMALIZED
BY BODY LENGTH, L

L=0.323 meter (12.720 in.)
[0.006 MODEL SCALE]

60°
e— . 220 — 16 — 20°
| $
_ / | TN
—— — - .031 R———— 70 ‘
. .535 =|J
BODY LENGTH &
1.000
Figure 2. - Three~view drawing of delta-wing orbiter model with flow orientation.

MATIONAL AEROMAUTICS AND SPACE ADMINISTRATION
AMES RESEARCH CENTER, MOFFETT FIELD, CALIFORNIA
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T~ TOP SURFACE
B~-BOTTOM SURFACE

0 90T
89T0

84.3
/I//W
68T % EXPOSED
e i |
56T 57T 9T

T T 16.7
51 5
— —_ 3 7O (ROOT RIB)

40 60 80
%, CHORD
e % CHORD
_,._\ <=z _638_ 45 \Essa ——— 0 (ROOT RIB)
S0 Q 16.7
608
- \ 72B 738\ 748 \ 456
. EXPOSED
708 A\\\ 7;‘; 553 SEMISPAN
718 -\\- 5.0
768 §. ssa eee N L) mm— 746
NOTE: SEE THERMOCOUPLE 788 S ——— 843
2R AN X
LOCATION TABLE FOR 82B ’eea
VERTICAL TAILS 83B ~L__4s 928
84B OO

ELEVON HINGE LINE
RUDDER HINGE LINE

(c) Wing and twin vertical tails.

Figure 3. -~ Concluded.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
AMES RESEARCH CENTER, MOFFETT FIELD, CALIFORNIA



Mg = 7.4
B=0° 8,:=0° 5:=0°

S5
Reg | X 1078 Run

s o 1.4 |
A 3.88 2

o 6.2l 18

T 60

Modified swept
cylinder theory

|—,> Wing

Heating-rate ratio, q /dg

20
o i
& 3] ch
s 8 8 o 5 B ”C
(a) a=15° | — g
eo] ort
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Heating~rate ratio, q,,/dq
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